We demonstrate a monolithic acousto-optic light modulator on silicon consisting of a piezoelectric ZnO/SiO 2 microcavity (MC) excited by a surface acoustic wave (SAW). The modulation of the MC optical resonance by the SAW creates an optical grating on the MC, which efficiently diffracts light beams impinging at the Bragg angle.
Resonant acousto-optics takes advantage of photonic 1-3 or electronic 4,5 resonances to enhance the coupling between optical and acoustic waves. A basic realization of this concept employs planar microcavity (MC) resonators of the type illustrated in Fig. 1(a) , which consist of a λ/2 cavity spacer (C) of thickness d c and refractive index n c inserted between two Bragg mirror (BM) stacks of dielectric and simultaneously, piezoelectric λ/4 layers. A surface acoustic wave (SAW) generated on the structure by an interdigitated transducer (IDT) creates an optical superlattice (SL) by modulating the microcavity resonance wavelength λ L = 2n c d c with a periodicity given by the acoustic wavelength λ SAW . The MCs can be used for optical control by using the stop bands of the acoustically defined SL to back-diffract light impinging at the Bragg angle (θ B ), as indicated in Fig. 1(a) .
Microcavity-based light modulators of the type in Fig. 1 (a), fabricated using epitaxiallygrown (Al,Ga)As structures, have intensity ratios R 1 between impinging and back-diffracted light beams approaching 50%. 3, 6 Their fabrication requires piezoelectric layers with a high refractive index contrast to allow for SAW generation as well as the formation of an efficient optical resonator. In this letter, we demonstrate the realization of monolithic MC modulators based on piezoelectric ZnO/SiO 2 layer stacks deposited via a low-temperature sputtering process. These MCs can be deposited on a wide range of substrates, including non-piezoelectric ones like Si. As in Fig. 1(a) , the SAWs are generated by IDTs deposited on top of the piezoelectric MC. The diffraction efficiency R 1 of the optical gratings induced by the SAW on ZnO/SiO 2 MCs on Si reaches a few percent. We show that the efficiency as well as its polarization dependence are well-explained by taking into account the modulation of the thickness and dielectric properties of the MC layers.
The ZnO and SiO 2 MC layers were deposited by rf-magnetron sputtering from ZnO and SiO 2 targets, respectively, on high-resistivity Si substrates at 200
• C using an Ar/O 2 gas mixture. The deposition conditions for the ZnO layers were optimized in order to yield columnar-like crystallites with the hexagonal c-axis preferentially oriented along the growth direction. This preferential orientation is required for piezoelectricity and was verified by x-ray diffraction measurements. The optical properties of the MCs as well as their operation as a light modulator were investigated by using a low-magnification (2×, NA=0.055) microscope objective to create a wide (diameter of approx. 100 µm) and quasi-collimated white spot on the SAW path. The reflected light was collected by the same objective, spectrally and polarization analyzed, and detected by a multichannel spectrometer. The optical reflectivity R y 0 measured under normal incidence for light polarized along y is displayed by the solid line in Fig. 3(a) . The cavity reflection resonance dip at 800 nm has a quality factor Q = 300 and is located within the 200 nm-wide stop band created by the BMs (the reflectivity data was normalized to unity within the stop band).
The excitation of the MC by the SAW leads to small changes in the optical reflectivity [dashed line in Fig. 3(a) ], which can be better observed in the difference spectrum in the lower part of the figure. These spectra were obtained for light polarized along y (cf. inset) under excitation of mode M 2 with P ℓ = 1420 W/m. The reflectivity changes induced by this mode were found to be much stronger than for M 1 and M 3 .
In contrast to the small changes in the normal incidence reflectivity, much larger effects are observed in spectra recorded at the Bragg incidence angle θ B = arctan [λ L /(2λ SAW )]. Here, the incoming beam is Bragg-diffracted on the SAW grating, leading to a diffracted beam R 1 propagating in the direction opposite to the incident one [cf. inset of Fig. 3(b) ]. Figure 3 (b) shows diffraction spectra for the y polarization (R y 1 ) recorded for different acoustic powers. The R y 1 peak only appears under SAW excitation. Its spectral position is blue-shifted relative to R y 0 , as expected for diffraction from modes at the border of the mini-Brillouin zone defined by the SAW.
1,3 In addition, its intensity increases linearly with acoustic power and is stronger for polarization along y than along x, as illustrated in Fig. 3(c) ].
The diffraction intensity in Fig. 3 as well as its polarization dependence can be qualitatively understood by taking into account the acousto-optic interaction between the SAW and the optical field for photon energies close to the MC resonance wavelength. The light field E in the ZnO cavity layer is strongly enhanced by the MC. This effect is indicated in the lower curve in Fig. 4 , which displays |E| 2 (normalized to the intensity of the input beam) at the resonance wavelength λ c = n c d c for normal incidence. During the propagation across a layer with thickness d i ≪ λ SAW centered at a depth z i , a light beam experiences a SAW-induced phase shift with amplitude given by
term on the right-hand-side accounts for the elasto-optic modulation of the refractive index n, which depends on light polarization ρ(= x, y). The second term describes the mechanical thickness changes associated with the SAW strain component ε zz perpendicular to the layers. The phase modulation leads to relative changes in the resonance wavelength given
(z c ), where z c denotes the average cavity depth, as well as to a diffraction
The calculated depth dependence of
2 is shown in Fig. 4 . The elasto-optic contribution is negligible for light field E along y; the modulation in this case is essentially due the strain term ε zz . The latter also dominates the modulation for the x polarization. The average values of
(z i ) for ρ = x are lower than for ρ = y because of the small elasto-optic contribution, which has a sign opposite to the one associated with the strain. This polarization dependence is in agreement with the experimental results of Fig. 3(c) . For a quantitative comparison with the experiments, we used the numerical approach described in Ref. 7 to determine the diffraction intensity from the values for the SAW strain and refractive index modulation displayed in Fig. 4. [8] The results, given by the lines in Fig. 3(c) , reproduce reasonably well the measured values, particularly if one takes into account that no adjustable parameter has been used. The lower diffraction intensities as compared to (Al,Ga)As MCs 5 result from the lower Q-factor and can be compensated by increasing the number of stacks in the BMs.
In conclusion, we have demonstrated a monolithic acousto-optic modulator on Si based on the modulation of a ZnO/SiO 2 MC by a SAW. The modulation intensities can be well understood by taking into account the acousto-optic properties of the layers. High diffraction intensities are anticipated for higher acoustic intensities and Q-factors of the MCs.
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